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Paul J. Kim, DPM, Christopher E. Attinger, MD, Karen K. Evans, MD, and
John S. Steinberg, DPM, Washington DC
Podiatrists play an important role in the multidisciplinary team in diabetic limb salvage. Podiatry is a specialty that is
licensed in the diagnoses and treatment of pathologies of the foot and ankle. The treatment includes both conservative
and surgical modalities. Understanding the biomechanics of the lower extremity is principally emphasized in the
education and training of a podiatrist. This is particularly important in the context of the diabetic foot where
biomechanical abnormalities often precede ulcer development. Preventive ulcer development strategies employed by a
podiatrist include regular monitoring, routine care of calluses, and insert/shoe recommendations. Further, clinic-based
ulcer care as well as surgery that include prophylactic and acute intervention can translate to the preservation of a
functional limb. Finally, continuous podiatric management can prevent ulcer recurrence through offloading strategies
and diabetic foot education. (J Vasc Surg 2012;56:1168-72.)
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mCare of the diabetic foot involves a focused interdisci-
plinary team that includes the surgical subspecialty of po-
diatry.1-4 This team approach translates to decreases in
major amputation rates by 50% and overall improved
outcomes for this challenging patient population.5-8 Podi-
atrists play an important role in the prevention and treat-
ment of foot deformities and complications related to dia-
betes and high amputation risk.9-12 Effective prevention
includes regular foot examinations, risk stratification, and
appropriate shoe-gear recommendations.13 Treatment in-
cludes both conservative and surgical modalities with a
focus on biomechanical faults that often precede ulcer
formation. Further, simple interventions like regular callus
debridement to prevent increases in focal pressures can
reduce the likelihood of ulcer formation. Conservative bio-
mechanical strategies, including the use of functional and
accommodative orthoses and bracing can be the difference
between limb salvage and limb loss. Surgical offloading
through tendon rebalancing, osseous reconstruction, and
functional distal foot amputations are key components of
this approach to limb salvage. Podiatrists additionally play an
essential role in reducing the recurrence of wounds after the
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1168nitial wound has healed by addressing the biomechanical
orces that were the cause of the original wound (Table I).
COPE
A podiatrist is a limited scope physician (as defined by
1861(r) of the Social Security Act) with expertise in the
ssessment and treatment of pathologies of the structures
elated to the foot and ankle.14 Although there are regional
ifferences in the scope of practice within the United
tates, all include assessment and treatment of disorders of
he foot with most states, including the foot and ankle.15
nternationally, chiropodists also provide conservative care
or the foot, however, chiropodists often do not perform
urgery. Further, the duration and scope of training varies
rom country to country. After completing a baccalaureate
egree, podiatric medical education includes 4 years of
octoral level education with early exposure to disorders of
he foot and ankle (Table II).16 The first 2 years include
idactic basic science courses that closely mirror traditional
llopathic and osteopathic medical education. In fact, the
ajority of schools of podiatric medicine are on joint
ampuses with allopathic or osteopathic medical schools
ith identical coursework. The subsequent 2 years involve
linical instruction with clinical rotations in various specialties,
ncluding but not limited to internal medicine, infectious
isease, orthopedics, general surgery, and vascular surgery in
ospitals, outpatient clinics, and private practice settings. After
ompleting their medical education, students then matricu-
ate into 3-year foot and ankle surgical residency programs.
uring this period of training the residents rotate through
arious surgical (general surgery, vascular surgery, orthopedic
urgery, plastic surgery) and nonsurgical services (internal
edicine, emergency medicine, infectious disease, radiology)
ith focused training in foot and ankle surgery. Fellowship
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Volume 56, Number 4 Kim et al 1169training is also available after completing a residency in areas
such as research, sports medicine, foot and ankle reconstruc-
tion, trauma, and diabetic limb salvage.
Due to the early and sustained training in lower extrem-
ity pathology, podiatrists are well equipped to assess and
treat problems involving the diabetic limb. Specifically, a
deep understanding of the anatomy and function of the foot
and ankle allow for an extensive level of expertise. A thorough
understanding of biomechanics is emphasized at every level of
training and this knowledge of biomechanics translates di-
rectly to the care that podiatrists provide as part of the limb
salvage team. One commonmistake of wound care programs
is to address the wound but not the underlying cause of the
wound, therefore potentiating the high likelihood of ulcer
recurrence when biomechanical forces are to blame.
PREVENTION
Systemic manifestations of diabetes often present first
in the foot.17 There are instances when a patient presents to
the podiatrist’s office with foot complaints without a diag-
nosis of diabetes. Based on the history and physical exami-
nation by the podiatrist, diabetes is suspected and testing is
completed along with a referral to a primary care provider
who can initiate treatment for this diagnosis. The signs and
symptoms of diabetes in the foot chiefly include evidence of
vascular compromise and peripheral neuropathy.18 Fur-
ther, callus formation on the foot indicates abnormal areas
of pressure or shear. Regular debridement as well as shoe
gear modification can prevent progression to ulceration.19
Table I. Overview of the scope of podiatric care for the di
Preventative Conservative ulcer care
Regular foot examinations, ulcer
risk stratification, callus
debridement, diabetic foot
education.
Shoe gear and orthotic evaluation
and recommendation.
Referral to internal medicine and
vascular surgery.
Ulcer assessment and treatme
Ulcer debridement, infection
management, implementat
of advanced wound healing
modalities.
Offloading strategies.
Table II. Summary of podiatric education and training in
Prematriculation Podiatric medical educat
Typically a baccalaureate
degree in a science
related field.
A smaller percentage enters
with a graduate degree.
First 2 years cover basic science curri
to traditional allopathic or osteopa
education with the exception of ea
introduction to biomechanical pri
Second 2 years begin clinical educati
includes a growing focus in pathol
lower extremity. Clinical rotations
general surgery, vascular surgery, i
medicine, infectious disease, and e
medicine. These rotations can vary
on the interest of the student.Typically, the underlying problem involves some level of ciomechanical fault involving joint immobility.20,21 A
ombination of functional and accommodative orthotics
an effectively correct these underlying biomechanical
aults. Ultimately, preventative care by a podiatrist can
urtail the progression from a biomechanical abnormality
o benign callus to limb loss.13,22-24 Podiatric services are
he frontline defense against this process.
Other negative foot manifestations such as local infec-
ions can lead to limb loss in diabetic patients. For example,
n ingrown toenail with paronychia can evolve to ascending
ellulitis or osteomyelitis. Simple treatment can curtail this
rogression such as the removal of the offending border. A
odiatrist is able to recognize that in the context of a
iabetic foot, aggressive treatment (broad spectrum antibi-
tics, radiographs to exclude osteomyelitis, close monitor-
ng) for what appears to be a minor infection may be
ecessary. Another example is tinea pedis (athlete’s foot),
hich can progress to plantar skin compromise that can
ead to a bacterial infection and/or a nonhealing wound.
gain, a simple treatment regimen of oral or topical anti-
ungals can avert this possibility. A podiatrist can recognize
hese issues and address them in an efficient manner. Pre-
ention through regular monitoring and treatment by a
odiatrist is essential in preventing the cascade of events
hat culminate in limb loss.
There have been multiple prior published studies dem-
nstrating the benefits of a podiatrist as part of the diabetic
imb salvage team.8,25-29 Two recent studies have further
nvestigated this effect on the prevention of lower extremity
ic limb
Surgical intervention Recurrence prevention
Ulcer excision and primary
closure.
Amputation.
Biomechanically focused tendon
release, rebalancing.
Biomechanically focused bony
reconstruction and
realignment.
Recommendation for custom
molded shoes/orthotics,
braces, amputation fillers.
Regular monitoring.
nited States
Residency and fellowship
similar
edical
s.
at
of the
de
al
ency
nding
Residencies are typically 3 years in duration with early
surgical focus on the lower extremity. The first year
is primarily an intern year in internal medicine,
emergency medicine, general surgery, orthopedic
surgery, and vascular surgery. These rotations can
vary between residency programs. The second and
third years include more surgery of the foot and
ankle on podiatric, orthopedic, and limb salvage
services.
After completion of residency, a fellowship in sports
medicine, advanced reconstructive surgery, or limb
salvage can be pursued.abet
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October 20121170 Kim et alery system. Carls et al reported in 2011 that if diabetic
patients were seen by a podiatrist at least once in the year
preceding an ulceration, a commercially insured patient
would realize an average cost savings of $19,686 and a
Medicare-eligible patient would realize an average cost
savings of $4271.30 Additionally, Sloan et al found that
Medicare-eligible patients (5% sample, 189,598) with dia-
betes were less likely to experience a lower extremity am-
putation if a podiatrist was a member of their health care
team.31 Specifically, patients who presented with an ulcer-
ation were 36% as likely to have a lower extremity amputa-
tion when seen in combination with a podiatrist as com-
pared with those who did not.
WOUND CARE AND LIMB SALVAGE
Podiatry’s approach is distinctive in that the diabetic
wound is not viewed in isolation but rather in the context of
the overall structure and function of the foot and ankle. In
this way, podiatrists are “biomechanical surgeons.” Podia-
trists perform local wound care and offloading with biome-
chanical limb function in mind. Beyond the widely utilized
local wound care modalities such as debridement, topical
therapies, and bioengineered alternative tissues, a global
view of foot and ankle function must include treatments
that address offloading and must also include a long-term
plan to correct or accommodate that biomechanical defor-
mity. Offloading devices include total contact casts, remov-
able cast walkers, healing shoes with integrated offloading
inserts with multi-density plugs, splints, and other custom
braces/footwear.32
Clinic-based wound care may not be sufficient and the
patient may require operative treatment. Operative treat-
ment not only focuses on excisionally debriding the wound
in a sterile environment, but also includes electively rebal-
ancing/reconstructing the biomechanically unstable or
mal-positioned foot. Tendon rebalancing procedures in-
clude Achilles tendon lengthening, flexor digitorum longus
tenotomy, and Jones Tenosuspension. The Achilles tendon
lengthening or tendo-Achilles lengthening (TAL) can be
conducted in an open or percutaneous fashion for a con-
tracted Achilles tendon. The necessity for the TAL is de-
pendent on a biomechanical examination of the foot and
ankle that demonstrates restriction of dorsiflexion at the
ankle joint. This limitation creates focal areas of high pres-
sure on the plantar forefoot contributing to the develop-
ment, chronicity, and recurrence of an ulcer. The TAL will
decrease plantar pressure forces experienced in this loca-
tion.33 A Jones Tenosuspension suspends the first metatar-
sal by using the flexor hallucis longus tendon rerouted
through a tunnel created at the neck of the metatarsal. This
technique elevates the first metatarsal head to decrease
plantar forces experienced in this area of ulceration.
Reconstruction through the resection of bony promi-
nences or arthrodesis of biomechanically unstable joints
may be necessary. The classic example of a biomechanically
unstable foot is Charcot neuroarthopathy. This process is
typified by joint subluxation, dislocation, and fragmenta-
tion most commonly occurring at the midfoot. This pro- less causes the creation of bony prominences and can result
n a “rocker-bottom” foot type. Without proper realign-
ent of the joints, these bony prominences will continue to
e a source for ulceration. Reconstruction involves the use
f internal and external fixation to create a biomechanically
table foot. A podiatrist combines knowledge of foot func-
ion as well as an understanding of the changes inherent in
he diabetic foot when employing reconstruction tech-
iques. For example, fracture principles do not apply in the
econstructionof the diabetic foot.Compromise in the quality
f the bone as well the soft tissue, further confounded by
eripheral neuropathy and vascular perfusion issues, creates a
olatile environment in diabetic patients resulting in a poten-
ial for a greater number of complications.
Functional amputation is also an important aspect of
odiatric surgical care. It is short-sighted to amputate a
igit or part of the foot without considering the functional
onsequences. Function and limb length are intimately
elated to long-term success and return to ambulation. For
xample, a hallux amputation significantly alters the biome-
hanics of the foot which increases the risk for further
reakdown.34 Appropriate long-term offloading is abso-
utely necessary to prevent recurrence. Other amputations
f single or multiple rays also place the patient at much
igher risk. This often results in a domino effect of further
lceration which can occur in the area(s) that the weight
earing pressure will “transfer” to. A typical example of this
s what happens after resection of the fifth metatarsal. The
eroneus brevis attaches to the base of the fifth metatarsal.
ence, the absence of the attachment of the peroneus
revis rotates the foot in a varus attitude due to the unop-
osed force of the tibialis anterior and tibialis posterior
endons. This leads to further breakdown along the lateral
spect of the foot. Consideration should be given to releas-
ng or lengthening the tibialis anterior and tibialis posterior
n addition to a TAL to rebalance the foot and prevent
ransfer ulcerations from developing. In some instances, a
unctional amputation may involve a more proximal ampu-
ation for the purpose of achieving a proper weight bearing
latform. For example, a transmetatarsal amputation may
e more biomechanically stable if multiple rays need to be
esected. A transmetatarsal amputation with a TAL is more
iomechanically stable than attempting to preserve the
emaining rays with an irregular weight bearing platform
nd high likelihood for transfer pressure/ulceration.35
Long-term postoperative care may be the most impor-
ant component for prevention of recurrence and a podia-
rist takes a leading role in this regard. The transition to
hoe gear after the incisions have healed and/or the wound
as healed is a critical period of time. Shoe gear should be
ltered at this point with accommodative or custom shoes
nd custommolded inserts. Bracingmay also be required to
eep the foot and ankle in proper alignment. This is the
eriod when new ulcer formation can occur as a result of
he surgically induced changes in the biomechanics of the
oot and ankle. Regular biomechanical monitoring of the
perative limb as well as the contralateral limb is required as
ong as the patient remains ambulatory.
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The ideal position for a podiatrist is within a larger
community of specialists because of the importance of the
multidisciplinary approach to diabetic limb salvage. Each
member of the multidisciplinary team brings a set of skills
and knowledge that contribute toward this effort. The
podiatrist brings a comprehensive understanding of the
biomechanics of the foot and ankle and a skill set to perform
the necessary surgical interventions. The goal is to prevent
wounds from developing in the first place. However, the
primary point of clinical intervention is most often in the
prevention of the downward spiral of a chronic wound that
can culminate in limb loss. A comprehensive medical and
surgical plan that takes into account the underlying biome-
chanical instability as well as appreciation for the biome-
chanical change that occurs after surgery can prevent
wound recurrence and limb loss in this high risk popula-
tion. The field of podiatry continues to evolve as a surgical
subspecialty with increasing training requirements and
standardization. The clinical and surgical role of a podiatrist
as a key contributor to the diabetic limb salvage team is now
well established through evidence based practice.
AUTHOR CONTRIBUTIONS
Conception and design: PK, JS
Analysis and interpretation: PK, JS, CA, KE
Data collection: PK
Writing the article: PK, JS
Critical revision of the article: CA, KE
Final approval of the article: PK, JS
Statistical analysis: Not applicable
Obtained funding: Not applicable
Overall responsibility: PK, JS
REFERENCES
1. Sanders LJ, Robbins JM, Edmonds ME. History of the team approach
to amputation prevention: pioneers and milestones. J Vasc Surg 2010;
52(3 Suppl):3S-16S.
2. Mills JL Sr, Armstrong DG, Rescuing Sisyphus AG. The team approach
to amputation prevention. J Vasc Surg 2010;52(3 Suppl):1S-2S.
3. Steed DL, Edington H, Moosa HH, Webster MW. Organization and
development of a university multidisciplinary wound care clinic. Surgery
1993;114:775-8; discussion:8-9.
4. Sumpio BE, Armstrong DG, Lavery LA, Andros G, Society for Vascular
Surgery, American Podiatric Medical Association. The role of interdisci-
plinary team approach in the management of the diabetic foot: a joint
statement from the society for vascular surgery and the American Podiatric
Medical Association. J Am Podiatr Med Assoc 2010;100:309-11.
5. Hellingman AA, Smeets HJ. Efficacy and efficiency of a streamlined
multidisciplinary foot ulcer service. J Wound Care 2008;17:541-4.
6. Aksoy DY, Gürlek A, Cetinkaya Y, Oznur A, Yazici M, Ozgür F, et al.
Change in the amputation profile in diabetic foot in a tertiary reference
center: efficacy of team working. Exp Clin Endocrinol Diabetes 2004;
112:526-30.
7. Yesil S, Akinci B, Bayraktar F, Havitcioglu H, Karabay O, Yapar N, et al.
Reduction of major amputations after starting a multidisciplinary dia-
betic foot care team: single centre experience from Turkey. Exp Clin
Endocrinol Diabetes 2009;117:345-9.
8. Hedetoft C, Rasmussen A, Fabrin J, Kølendorf K. Four-fold increase in
foot ulcers in type 2 diabetic subjects without an increase in major
amputations by a multidisciplinary setting. Diabetes Res Clin Pract
2009;83:353-7.9. Robbins JM, Nicklas BJ, Augustine S. Reducing the rate of amputations
in acute diabetic foot infections. Cleve Clin J Med 2006;73:679-83.
0. Synder RJ. Championing the podiatrist’s role in wound care. Ostomy
Wound Manage 2004;50:18-20.
1. Turns M. A podiatrist’s view of community diabetic foot management.
Br J Community Nurs 2000;5:40, 427.
2. Foster AV, Snowden S, Grenfell A, Watkins PJ, Edmonds ME. Reduc-
tion of gangrene and amputations in diabetic renal transplant patients:
the role of a special foot clinic. Diabet Med 1995;12:632-5.
3. Rijken PM, Dekker J, Lankhorst GJ, Dekker E, Bakker K, Dooren J, et
al. Podiatric care for diabetic patients with foot problems: an observa-
tional study. Int J Rehabil Res 1999;22:181-8.
4. American Podiatric Medical Association. Available at: http://www.
apma.org. Accessed April 1, 2012.
5. American College of Foot and Ankle Surgeons. Available at: http://
www.acfas.org. Accessed April 1, 2012.
6. The Council on Podiatric Medical Education. Available at: http://
www.cpme.org. Accessed April 1, 2012.
7. Lauterbach S, Kostev K, Becker R. Characteristics of diabetic patients
visiting a podiatry practice in Germany. J Wound Care 2010;19:140, 2,
4 passim.
8. Al-Mahroos F, Al-Roomi K. Diabetic neuropathy, foot ulceration,
peripheral vascular disease and potential risk factors among patients
with diabetes in Bahrain: a nationwide primary care diabetes clinic-
based study. Ann Saudi Med 2007;27:25-31.
9. Boulton AJ, Meneses P, Ennis WJ. Diabetic foot ulcers: A framework
for prevention and care. Wound Repair Regen 1999;7:7-16.
0. Zimny S, Schatz H, Pfohl M. The role of limited joint mobility in
diabetic patients with an at-risk foot. Diabetes Care 2004;27:942-6.
1. FernandoDJ,Masson EA, Veves A, Boulton AJ. Relationship of limited
joint mobility to abnormal foot pressures and diabetic foot ulceration.
Diabetes Care 1991;14:8-11.
2. Muha J. Local wound care in diabetic foot complications. Aggressive
risk management and ulcer treatment to avoid amputation. Postgrad
Med 1999;106:97-102.
3. Pinzur MS, Slovenkai MP, Trepman E, Shields NN, Diabetes Commit-
tee of American Orthopaedic Foot and Ankle Society. Guidelines for
diabetic foot care: recommendations endorsed by the Diabetes Com-
mittee of the American Orthopaedic Foot and Ankle Society. Foot
Ankle Int 2005;26:113-9.
4. Spencer S. Pressure relieving interventions for preventing and treating
diabetic foot ulcers. Cochrane Database Syst Rev 2000;3:CD002302.
5. Trautner C, Haastert B, Mauckner P, Gätcke LM, Giani G. Reduced
incidence of lower-limb amputations in the diabetic population of a
German city, 1990–2005: results of the Leverkusen amputation reduc-
tion study (LARS). Diabetes Care 2007;30:2633-7.
6. Canavan RJ, Unwin NC, Kelly WF, Connolly VM. Diabetes- and
nondiabetes-related lower extremity amputation incidence before and
after the introduction of better organized diabetes foot care: continuous
longitudinal monitoring using a standard method. Diabetes Care 2008;
31:459-63.
7. Lavery LA, Wunderlich RP, Tredwell JL. Disease management for the
diabetic foot: effectiveness of a diabetic foot prevention program to reduce
amputations and hospitalizations. Diabetes Res Clin Pract 2005;70:31-7.
8. Litzelman DK, Slemenda CW, Langefeld CD, Hays LM, Welch MA,
Bild DE, et al. Reduction of lower extremity clinical abnormalities in
patients with non-insulin-dependent diabetes mellitus. A randomized,
controlled trial. Ann Intern Med 1993;119:36-41.
9. Patout CA, Jr, Birke JA, Horswell R, Williams D, Cerise FP. Effective-
ness of a comprehensive diabetes lower-extremity amputation preven-
tion program in a predominantly low-income African-American popu-
lation. Diabetes Care 2000;23:1339-42.
0. Carls GS, Gibson TB, Driver VR, Wrobel JS, Garoufalis MG, Defrancis
RR, et al. The economic value of specialized lower-extremity medical
care by podiatric physicians in the treatment of diabetic foot ulcers.
J Am Podiatr Med Assoc 2011;101:93-115.
1. Sloan FA, FeinglosMN, GrossmanDS. Receipt of care and reduction of
lower extremity amputations in a nationally representative sample of
U.S. Elderly. Health Serv Res 2010;45:1740-62.
33
JOURNAL OF VASCULAR SURGERY
October 20121172 Kim et al32. Bus SA, Valk GD, van Deursen RW, Armstrong DG, Caravaggi C,
Hlavácek P, et al. The effectiveness of footwear and offloading
interventions to prevent and heal foot ulcers and reduce plantar
pressure in diabetes: a systematic review. Diabetes Metab Res Rev
2008;24(Suppl 1):S162-80.
33. MuellerMJ, Sinacore DR,HastingsMK, StrubeMJ, Johnson JE. Effect
of Achilles tendon lengthening on neuropathic plantar ulcers. A ran-
domized clinical trial. J Bone Joint Surg Am 2003;85-A:1436-45. S4. Lavery LA, Lavery DC, Quebedeax-Farnham TL. Increased foot pres-
sures after great toe amputation in diabetes. Diabetes Care 1995;18:
1460-2.
5. Garbalosa JC, Cavanagh PR, Wu G, Ulbrecht JS, Becker MB, Alexan-
der IJ, et al. Foot function in diabetic patients after partial amputation.
Foot Ankle Int 1996;17:43-8.ubmitted Apr 12, 2012; accepted Jun 12, 2012.
